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Abstract
The Cambrian northern Central Volcanic Complex is a submarine volcanic succession \-"itmn the
Mount Read Volcanics in western Tasmania, Australia, It comprises a relatively complex assemblage
of originally glassy and crystalline, rhyolitic to basaltic, lavas, syn-volcanic intrusions and syn-eruptive
volcaniclastic facies which host massive sulfide mineralisation. Diagenesis, hydrothermal alteration,
regional greenschist facies metamorphism and deformation have all modified the volcanic succession.
In this study, the integration of geological mapping, volcanic facies and structural anaJyses, and
lithogeochemistry is used to divide the northern Central Volcanic Complex jnto fout distinctive
formations: the Sterling Valley Volcanics, Mount Black Formation, J<.ershaw Pumice Formation and
the Hercules Pumice Formation. These formations replace various informal stratigraphic units in the
northern Central Volcanic Complex: the Sterling Valley Volcanics, Mount Black Volcanics, and the
Footwall Pyroclastics and Host Rocks of the Rosebery-Hercules host sequence.
The Sterling Valley Volcanics are the oldest exposed part of the northern Central Volcanic
Complex. They are a thick sLlccession (> 1.5 km thick) comprising dacitic to basaltic lavas and sills,
and polymictic mafic volcaniclastic facies. The polymictic mafic volcaniclastic facies were derived
from the resedimentation of locally available clasts of quench brecciated basalt, dacite, pillow fragmems
and scoria. The Sterling Valley Volcanics represent the proximal to medial facies of a submarine
tholeiitic basaltic volcanic centre that formed during a period of extension and back-arc basin
development. Intercalated calc-alkaline dacites attest to coeval tholeiitic and calc-alkal.1ne volcanism
during formation of part of the Sterling Valley Volcanics.
The Mount Black Formation (previously part of the Mount Black Volcanics) is a thick succession
(>1.6 Inn) of mainly 111assive, flow-banded and autobrecciated felsic lavas, domes, cryptodomes and
syn-volcanic sills. It represe11ts the proximal facies of a calc-alkaline dacitic to rhyolitic, mainly effusive
and intrusive volcanic complex.
The Kershaw Pumice Formation consists of pumice-rich facies and associated rhyolitic and
dacitic lavas and sills that were previously assigned to the 1vfount Black Volcanics. The Hercules Pumice
Formation refers to the Foot:\vall Pyroclastics and Host Rocks in the Rosebery-Hercules host sequence.
The Kershaw and Hercules PU111ice Formations have been conelated based on lithofacies and
compositional similarities and structural interpretation. These formations (>800 111 thick) comprise
successions of pumice breccia, pumice-rich sandstone and shard-rich siltstone, intercalated with pumice-
lithic clast-rich breccia and sandstone, and rhyolitic and dacitic lavas and syn-volcanic intrusions. The
laterally extensive pumice-rkh facies are the products of a large volume (>24 km3), rhyolitic explosive
eruption and were deposited proximal to the vent from water-supported density current and suspension.
Pumiceous hyaloclastite and peperite are associated \vith the margjns of rhyolitic lavas and sills that
flo\ved over or intruded wet, unconsolidated pumice breccia, pumice-rich sandstone, shard-rich siltstone
and black mudstone. Pumice-lithic clast-rich breccia and sandstone were generated by resedimentation
of unconsolidated felsic hl'aloclastite, autobreccia and pumice-rich deposits.
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The Kershaw and Hercules Pumice Formations and the Mount Black Formation are interpreted
to be the explosive and effusive products of a single calc-alkaline felsic volcanic centre. Tholeiitic
basalts of the Henty Dyke Swarm subsequently intruded the northern Central Volcanic Complex.
These dykes are compositionally similar to tholeiitic hasalts of the Sterling VaUey Volcanics and suggest
that extension-related, mantle-derived magmatism was reactivated after formation of the Central
Volcanic Complex.
The Hangingwall Volcaniclastics, previously considered part of the northern Central Volcanic
Complex, are now correlated with the White Spur Formation and thus this unit is included in the
Dundas Group. This new stratigraphy for the northern Central Volcanic Complex has significant
implications for VI-lMS exploration in the Mount Read Volcanics. The correlation of the Kershaw
and Hercules Pumice Formations suggests thar there is potential for the I-lost Rocks to the Rosebery
and Hercules ore deposits (Host-rock member) to be repeated east of the Mount Black Fault.
The stratigraphy of the northern Central Volcanic Complex is disrupted and repeated by Middle
to Late Cambrian faults and Devonian faults and folds, resulting in substantial thickening of the
Central Volcanic Complex between Rosebery and TuUah.
Metamorphosed diagenetic and hydrothermal alteration facies in the northern Central Volcanic
Complex have been discriminated using a combination of alteration mineralogy, overprinting
relationships, texture, distribution, intensity and whole-rock geochemistry.
Alteration facies that are interpreted to be the metamorphosed eguivalents of diagenetic clays
and zeolites are regionally extensive and overprinted by the regional Devonian cleavage. Although
widesptead, locally theit distributions are patchy and their intensities are vatiable, reflecting the
complexity of the original volcanic textures. Thin films of sericite, carbonate and chlorite-sericite-
hematite replaced clays that coated original glass)' surfaces at the onset of diagenesis. Feldspar-quartz-
sericite, chlorhe-sericite and chlorite-sericire-hematite alteration facies replaced zeolites and clays that
fiUed pore space and altered glass, prior to and synchronous with diagenetic compaction. In pumice-
rich facies, a bedding-parallel stylolitic foliation reflects rhe dissolution of glass during compaction.
Fiamme are interpreted ro be the product of diagenetic alteration and compaction of pumice clasts.
Development of the final diagenetic alteration facies, chlorite-epidote, cOll1menced after compaction
and continued during Devonian regional metamorphism. Diagenetic alteration involved significant
mineralogical and textural changes but only minor changes in composition. These changes are consistent
with the interaction of rhyolitic and basaltic glass with seawater during burial. In contrast, alteration
facies interpreted to be hydrothermal ate local in distribution, cross-cut stratigraphic boundaries and
involved significant changes in texture, mineralogy and composition.
Diagenetic alteration in the northern Central Volcanic Complex was widespread, reached high-
temperature diagenetic mineral assemblages (albite-quartz-sericite and chlorite-epidote) and formed
thick (>2 km) alteration zones. These alteration zones reflect a high-grade diagenetic alteration system
and elevated geothermal gradient within the very thick proximal, submarine succession dominated by
glassy volcanic facies.
IV
Acknowledgments
During the years that I have been working towards completion of my PhD I have enjoyed the assistance,
encouragement and friendship of many people.
Foremost, I would like to thank my supervisors Jocelyn McPhie and Rod Allen, without whom
this study would not have been possible. I would especially like to thank them for their guidance,
support, encouragement and thorough reviews of chapters.
Many thanks are extended to those people whose discussion andlor reviews of various chapters
have helped shape this thesis. In particular, Ron Berry, Smart Bull, Tony Crawford, Bruce Gemmell,
Wally Hermann, Peter Hollings and Joe Stolz.
This project was financially supported by a Mineral Resources Tasmania postgraduate research
scholarship, the Australian Research Council, AMIRA/ARC Project P349 (Smdies of VHMS-Related
Alteration: Geochemical and Mineralogical Vectors to Ore) and the Centre for Ore Deposit Research.
Logistical support was kindly provided by Pasminco Exploration in western Tasmania. In Japan, Akita
University, Akita Prefecture Resources and the Metal Mining Agency of Japan provided logistical
support.
I would like to thank the past and present staff and consultants at Pasminco for their logistical
help and companionship when in Rosebery. Thanks to Sal Dibben, Charles Carnie, Dave Gardner,
Bob Hayden, Nicola McGunnigal, Andrew McNeill, Gerald Purvis and Hans Rae. Fergus Fitzgerald is
also thanked for initially agreeing to this project.
Professor Ohguchi and Dr Okamoto are gratefully acknowledged for their invaluable assistance
in Japan, arranging access to drill holes and drill data in the Hokuroku Basin and for organising field
trips through the Green Tuff Belt.
Mike Blake, Ralph Botryill, Katie McGoldrick, Mike Harlow, Phil Robinson, Simon Stephens
and Darren Turner provided expert technical assistance. Also thanks to Peter Cornish, Chris Higgins,
.Angela Hockington, Moya K.ilpatrick, Lyn Starr and Di Steffans for help with administrative matters.
I am indebted to June Pongratz for advice on computing matters, her wonderful ability to solve
drafting and printing problems, and the Saturday afternoon conversations.
A special thanks goes to all my fellow studems. There are too many of you to mention individually,
however I would particularly like to thank Mark Doyle, SarahJones, Vanessa Lickfold, Ali Raos, Andrew
Rae) Catherine Reid, Robina Sharp, Briony Sinclair and my room mates in 338. Thank you for making
the last few years enjoyable.
I am especially grateful for the help and supporr of Ben Payne and Mike Buchanan in the final
few weeks.
And finally to my close friends and family, thank you for your umvavering love and support, it
has been and always will be very dear to me.
v
Table of contents
Title 1
Starelnent ii
Authority of Access ii
Abstract : iii
Acknowledgments v
Table of contents vi
List of figures xi
List of tables xiv
Chapter 1: Introduction
1.1 Aims and significance 1
1.2 Location 2
1.3 Access and exposure 3
1.4 Methods of investigation 3
1.5 Thesis organisation 5
1.6 Previous work on the northern Central Volcanic Complex 7
Chapter 2: Regional geological setting of the northern Central Volcanic Complex
2.1 Introduction " ,..,.." , ,.. ,.. ,.. ,.." ,.. , ",,,,,,, .. ,, .. , ',, .. ,, , ,, .. ,,, ,, 9
2,2 Regional geology of tl,e Mount Read Volcanics "" "" , " , 9
2,3 Stratigraphy of the Mount Read Volcanics " " 11
2.3,1 Stitch Range beds " " " " " 12
2,3,2 Eastern quartz-phyric sequence " 13
2.3.3 Central Volcanic Complex " " "." '.. ,.,." , 13
2.3.4 Western volcano-sedimentary sequences 14
2.3,5 Tyndall Group ,.., , , "" " ,,,, , ,."., 15
2.4 Dates in the Mount Read Volcanics " 15
2,5 Deformation and metamorphism in the Mount Read Volcanics 17
2,5.1 The Cambrian Delamerian Orogeny " ", 17
2.5.2 Cambrian granites , ,.. , ",,, .. ,, ,, ,,, ,,."" ,.. ,.. 17
2,5.3 The Devonian Tabberabberan Orogeny " " 18
2.5.4 Metamorphism and granite emplacement during the Devonian 18
2.6 Tectonic setting of western Tasmania 19
2.7 Stratigraphy of the northern Central Volcanic Complex ".. " " " " " 19
2.7.1 Rosebery-Hercules host sequence """ " " " .. """ ,,. 19
2,7.2 Mount Black Volcanics , , ', ",.,,, .. , , '"" 24
2.7.3 Sterling Valley Volcanics "., , ,.. , ".. " " , , 24
2.7.4 Intrusions , , , , ' .. '"",,,' ,.. 24
2.8 Stratigraphie problems in the northern Central Volcanic Complex " "." 24
2.8.1 Hangingwall Volcaniclastics and White Spur Formation " " " ". 25
vi
2,8,2 Mount Black Volcanics and Footwall Pyroclastics """"""""""""""'"'''''''''''''''''''''''''' 25
2,8,3 Stratigraphic position of the Sterling Valley Volcanics ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,. 26
2.9 l'v!ineralisation in the northern Central Volcanic Complex""""""""."".".""""""""""".""""" 26
2,10 Summary .,.".""""""."""" ..""""".""".""".".".".".""" .. ".".".. ",,""".. ".."."""".. ".".. " , " 27
Chapter 3: Volcanic facies architecture of the Mount Black and Sterling Valley Volcanics
3.1 Introduction ., .. "." ,.. """" ... "...."""""."""."."."." ..... "".. ".. ".." .."".".",."".. """." ..... ".".".,,, ,.... 29
3.2 Terminology ."."" ".. ,,,.,,,.,,,,."''' .. ,,,,.,,,,.,,,, .. ,,.,,,,,, .. '''''''''''''., .. '.. """".""." .. " ", .. ""."." " ".,30
3.3 Rhyolite facies association ".. """".".".".. "."."""""."."."." ".".." "" .. "."."" ".. ""."" "."" ... 30
3.3.1 Coherent rhyolite ".. "" .... "".. ".."""".".,,,.,.,,,,,,.,, ,, .. ,,,," ,,,,.,, .. ,.. ,, .. "."." .... """ "".".. , 37
3.3.2 Monomictic rhyolite breccia facies ."".""""... """."""""."""."".""""."""." "." ,, . 41
3.3.3 Rhyolite mixed breccia facies "...."." .. "".""""."" .. "".. """.""..." ".."."."." " "." 44
3.3.4 Interpretation .... ""."." ..".".".. ". ",,,,, ".". ".".. " ".. "..... ".... """ ".",,""" "" "... " 44
3.4 Quartz-feldspar-phyric rhyolite facies association """.. "..".""""" """""".."""" ,, 47
3.4.1 Quartz-feldspar-phyric rhyolite "..""."." ""."" ".. ".".. ,.".."."."" ".... ,,, .. ,, .... ,, .. ,, ,47
3.4.2 Quartz-feldspar-phyric rhyolite-siltstone breccia .".""""".. """.""" .. "."""""""""""". 47
3.4.3 Interpretation "."""",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,,,,,""" ,, .. ,, .. "'''''''''''' .. ,." "."".. " ".. " 47
3.5 Dacite facies association , 48
3.5.1 Coherent feldspar-phyric dacite ".""""." "".""" .. ".""""" """."""""""""."" """ 48
3.5.2 Nionomictic dacite breccia facies 48
3.5.3 Dacite mixed breccia facies """"".""" """""."""""""""""." """."""""""."" .. "". 48
3.5.4 Interpretation .".."""." ... "."'"''""".""'''."""." .. ,,'''''''.,,.,,.,,''''''''''''' .. ,.,,,.,,,,,, ... ,,., ... ,,,, .. ,, ... 48
3.6 Feldspar-hornblende-phyric dacite facies association ."""""""""""."".".""""""" .. "" .. """""". 50
3,6.1 Coherent feldspar-hornblende-phyric dacite .""".""."" .."" .. ",,"'"'''''''''''''''''''''''''''''''' 50
3,6.2 Monomictic feldspar-hornblende-phyric dacite breccia facies ".""""".."..".""""""." 51
3.6.3 Interpretation"." .. "".".".". ".""."." ."."" ".""" ,.". """ ..""".".. "., """""" '".". ". 51
3.7 ivIafic facies association 51
3.7.1 Feldspar-phyric andesite and basalt """""""""""'""""".''" .. " ",,,,''''''''''''''''''''''''''''''' 51
3.7.2 Aphyric andesite and basalt """".""'''''''''''''''''''''''''''''''''''''''''."".""""""."""."""""".,, 51
3,7.3 Monomictic mafic breccia facies """".""".""".""""."."""."...".""""."""""."""."" ...... 54
3.7.4 Mafic mixed breccia facies """."" .."""""."" .. """"."."""."""."""."." ..""'"''"" ,,,,''''''' 54
3,7.5 Interpretation "." .. " """"".".""."""."" ".. "" ".".. " ".".. ",,, ,,.,,.,,.,,,, ,,.,,,, .. 54
3.8 Pumice~rich facies association 55
3.8.1 Pumice breccia facies .. """" .. "." "."""" ".. "."." , ".. """ ".".".".. ".. """"""'" 55
3.8.2 Pumice-rich sandstone facies "".,.""""""" "." ".".. "." """ ""." " " 58
3.8.3 Shard-rich siltstone facies """." ".".""." " ".".. ,,, ,,,,.,,,,,,.,,,,.,, .. ,, .. ,,,,,,." " 58
3.8.4 Interpretation '''''''''''''''''''''''''''''''"".. "."" ""." " """ "".,,,,,,,.""".".""."" ",.".. 58
3.9 Pumice-lithic clast-rich facies association 6i
3.9.1 Pumice-lithic clast-rich breccia .. "."" ".".. ".." ".. "" ""."."." ,., """ " " 62
3.9.2 Pumice-lithic clast-rich sandstone .. " ".. " ".. ".. "."".".." """ "" " 65
3.9.3 Interpretation , 65
3.10 Crystal-rich sandstone facies " "." ".. " " " "".. " " 66
3.10.1 Interpretation " ".".",,, ,, ,, ,,.,,.,, ,,,, " ".. " 66
3.11 Polymictic volcanic facies association 68
3,11.1 Polymictic mafic breccia facies " " "" ".. " "." 68
3.11.2 Mafic volcanic sandstone facies " " ".. " " " "" .. ".. 69
3.11.3 Mafic volcanic siltstone facies " " " " 69
3.11.4 Interpretation "" ".".,.""." .. "." ".. ".", ".,,, ,, ,, .. ,, .. ,,""." ".. 69
3.12 Black mudstone facies " "., " " ",,, ,, ,, ,,.,, .. ,,,, , 70
3.13 Massive basalt and dolerite " ".. ",,, ,, ".. ".. 70
3.13.1 Interpretation " " " , ' " " "., "." ', .. , ,,, " 70
3.14 Carbonate facies association 70
3.14.1 Banded carbonate facie8 .. " " 72
VJ1
3.14.2 Carbonate-volcanic breccia facies 72
3.14.3 Carbonate-matrix breccia facies 72
3.14.4 Origin of the carbonate 72
3.15 Provenance and the environment of deposition 76
3.15.1 Environment of deposition 76
3.16 Facies architecture 78
3.16.1 Mount Black Volcanics 78
3.16.2 Sterling Valley Volcanics 83
3.16.3 Henty Dyke Swarm 85
3.17 Summary 85
Chapter 4: Stratigraphy, structure and geochemistry of the northern Central Volcanic
Complex
4.1 Introduction 87
4.2 Stratigraphic problems in the northern Central Volcanic Complex revisited 88
4.2.1 Mount Black Volcanics and the Footwall Pyroclastics 88
4.2.2 Hangingwall Volcaniclastics and the White Spur Formation 89
4.3 Revised stratigraphy of the northern Central Volcanic Complex 89
4.3.1 Sterling Valley Volcanics 90
4.3.2 Mount Black Formation 90
4.3.3 Kershaw Pumice Formation 93
4.3.4 Hercules Pumice Formation 94
4.4 Structure of the northern Central Volcanic Complex 95
4.4.1 Regional foliations 95
4.4.2 Folds 98
4.4.3 Faults and shear zones 99
4.5 Primary geochemistry of the northern Centtal Volcanic Complex 102
4.5.2 Element mobility 103
4.5.3 Immobile element geochemisrry 105
4.5.4 Magmatic affinities and tecronic implications 108
4.6 Lithogeochemical comparisons for the Central Volcanic Complex 115
4.6.1 Calc-alkaline, rhyolitic and dacitic lavas and intrusions 115
4.6.2 Calc-alkaline pumice breccia 116
4.6.3 Tholeiitic andesires and basalrs 121
4.7 Implications for rhe tecrono-magmatic reconsrruction of the Mount Read Volcanics 124
4.8 Implications for VHMS exploration 125
4.9 Conclusions 126
Chapter 5: Pumiceous hyaloclastite and peperite in ancient submarine volcanic successions
5.1 Inrroduction 127
5.2 Pumiceous hyaloclastite associated with dacicic lava in the Mounr Read Volcanics 128
5.2.1 Geological setting 128
5.2.2 Dacite facies association , , " 130
5.2.3 Interpretation 130
5.3 Pumiceous hyaloclastite associated with rhyolitic lava In the Mount Read Volcanics 132
5.3.1 Geological setting , , 132
5.3.2 Pumice-lithic clast-rich breccia facies 132
5.3.3 Rhyolire facies assod.tion 132
5.3.4 Facies geomerry and relationships 134
5.3.5 Interpretation 135
5.4 Pumiceous hyaloelastite associated with rhyolitic lava in the Green Tuff Belr 135
5.4.1 Geological setting 135
5.4.2 Pumice-rich facies association 136
viii
5.4.3 Pumice and rhyolire breccia facies , , ", ,., "l37
5.4.4 Mudstone ,,,, , ,,, 139
5,4.5 Rhyolite facies association ,,, , ,, " 139
5.4.6 Facies geometry and relationships " 140
5.4,7 Interpretation , , '" 141
5.5 Pumiceous peperite associated with a syn-volcanic sill in the Mount Read Volcanics ..".. " 143
5.5.1 Geological setting , " ,,, , 143
5.5.2 Stratified pumice breccia ,.. , ", .. , , 144
5.5,3 Pumiceous rhyolite " ' ,., ,.. 144
5.5.4 Polymictic pumice breccia , , ,., " , 144
5.5.5 Facies geometry and relationships " "" .. 147
5.5.6 Interpretation .. ".. , 147
5.6 Pumiceous peperite and hyaloc1astite associated with a lava dome in the Green Tuff Belt .. 148
5.6.1 Geological setting " " , " 148
5.6.2 Interbedded pumice-lithic clast-rich breccia and sandstone 149
5.6.3 Interbedded mudstone and sandstone 149
5.6.4 Rhyolite facies association " , ,.", .. 149
5.6.5 Pumiceous rhyolite-mudstone breccia facies 151
5.6.6 Interpretation ,,, " , 151
5,7 Pumiceous peperite and hyaloc1astite associated with a cryptodome in the Green Tuff Belt 152
5.7.1 Geological setting " , ".. " , 152
5.7.2 Pumice-rich facies association , 152
5.7.3 Rhyolite facies association ", " ",,, " ,." 154
5.7.4 Rhyolite-siltstone breccia facies , ' .. , " , """" 154
5,7,5 Interpretation .. " ,,,,,, ,,,., ' ,, ,,,, , 154
5,8 Comparison of pumiceous hyaloclastite and peperire with other pumice-rich facies 155
5,8,1 Identification of pumiceous hyaloclastite " 155
5,8.2 Recognition of pumiceous peperite " " " 156
5.9 The formation of pumiceous peperite and hyaloclastite " 160
5.10 Significance of pumiceous hyaloclastite and peperite " 161
5, II Conclusions , , , " , 161
Chapter 6: Textural and chemical characteristics of diagenetic and hydrothermal alteration
in glassy volcanic rocks
6.1 Introduction ".. , " " , " 163
6.2 Alteration facies in the northern Central Volcanic Complex " " 163
6.2.1 Alreration geochemistry " " , " 164
6.2.2 Sericite alteration ., "., ,,, , 172
6.2.3 Carbonare alteration "" , ,,,,, , , 172
6.2.4 Feldspar-quartz-sericite alteration , ,,, 172
6.2.5 Chlorite-sericite alteration " , , 174
6.2.6 Chlorite-sericite-hematite alteration " " 174
6.2.7 CWorite-epidote alteration " " 174
6.2.8 Quartz-sericite alteration " " " " ". 175
6.2.9 Calcite-quartz-hematite alteration "" , , , , 175
6.2.10 Chlorite-pyrite alteration " " 175
6.2.11 Chlorite-calcite-magnetite alteration " 175
6.2.12 Chlorite-quartz-calcite alteration 176
6.3 Early foliations in pumice-rich facies " " 176
6.3.1 Sericite and chlorite-sericite fiamme ".. " " " ". 176
6.3.2 Chlorite-sericite-hematite stylolites " , , ,,'" 176
6.3.3 Interpretation of early foliations in pumice-rich facies " 176
6.4 Overprinting relationships and timing of alteration facies " 178
6.5 Interpretation of alteration facies in the northern Central Volcanic Complex " 179
IX
6.5.1 Textural and chemical modification of volcanic facies 179
6.5.2 Diagenetic alteration 181
6.5.3 Alteration transitional between diagenesis and metamorphism 183
6.5.4 Hydrothermal alteration 184
6.5.5 Diagenetic alteration zones 184
6.5.6 Controls on the distribution of c:liagenetic alteration facies 187
6.6 Comparison of c:liagenetic and VHMS-re1ated hydrothermal alteration 188
6.7 Significance of recognising diagenetic alteration in a submarine volcanic succession 191
6.8 Conclusions 191
Chapter 7: Synthesis
7.1 Introduction 193
7.2 Palaeogeographic reconstruction of the northern Central Volcanic Complex 193
7.2.1 Basement 194
7.2.2 Sterling Valley Volcanics 194
7.2.3 Mount Black Formation 194
7.2.4 Kershaw and Hercules Pumice Formations 195
7.2.5 White Spur Formation 196
7.2.6 Formation of the northern Central Volcanic Complex 196
7.3 Post-eruptive evolution of the northern Central Volcanic Complex 198
7.3.1 STAGE 1: The onset of c:liagenesis 200
7.3.2 STAGE 2: Hydrothermal alteration and mineralisation 204
7.3.3 STAGE 3: Diagenetic alteration and compaction 206
7.3.4 STAGE 4: Transition between diagenesis and metamorphism 206
7.3.5 STAGE 5: Regional metamorphism and deformation 207
7.3.6 STAGE 6: Emplacement of Devonian granites and hydrothermal alteration 207
7.4 Analogues for the northern Central Volcanic Complex 207
7.4.1 Manus Basin, PNG 209
7.4.2 Hokuroku Basin,Japan 211
7.5 Implications for other comparable volcanic successions 212
7.6 Possible c:lirections for further research 213
7.7 Summary 214
Chapter 8: Conclusions 216
References 219
APPENDIX A: Graphic lithological logs Al-19
APPENDIX B: Publications BI-9
APPENDIX C: Analytical detection limits Cl
APPENDIX D: XRF and ICPMS data DI-22
APPENDIX E: Mass change calculations for regional alteration study EI-6
APPENDIX F: Mass change calculations for the Rosebery alteration study FI-4
APPENDIX G: University of Tasmania rock catalogue extract GI-12
x
List of figures
Chapter 1
Fig. 1.1: Location of the study area in western Tasmania 4
Fig. 1.2: Scenic photographs of the Mount Read-Rosebery area 5
Fig. 1.3: Scenic photographs of the Mount Read-Rosebery area 6
Chapter 2
Fig. 2.1: Geology of western Tasmania 10
Fig. 2.2: Distribution of lithostratigraphic units in the Mount Read Volcanics 12
Fig. 2.3: Time-space diagram for lithostratigraphic units in the Mount Read Volcanics 17
Fig. 2.4: Tectonic model for the evolution of western Tasmania 20
Fig. 2.5: Geology of the northern Central Volcanic Complex 21
Fig. 2.6: Stratigraphic column for the Rosebery-HercuJes host sequence 22
Chapter 3
Fig. 3.1: Simplified geological map of the study area 31
Fig. 3.2: Geological cross section through the :Mount Black Volcanics, 900 mS 32
Fig. 3.3: Geological cross section, th.rough the Mount Black Volcanics, 1320 mN. 33
Fig. 3.4: Graphic log and photographs of a rhyolitic facies association in drill hole EHP319 37-38
Fig. 3.5: Graphic logs through rhyolite facies associations in drill holes 102R and DP31 O 39
Fig. 3.6: Photographs of groundmass textures in coherent rhyolite, Mount Black Volcanics 40
Fig. 3.7: Field sketch and photograph of monomictic rhyolite breccia, Mount Black Volcanics 42
Fig. 3.8: Phorographs of monomictic rhyolite breccia, Mount Black Volcanics 43
Fig. 3.9: Graphic log and photographs of a dacite facies association in drill hole 112R. 45
Fig. 3.10: Photographs of dacite in the Mount Black and Sterling Valley Volcanics 49
Fig. 3.11: Graphic log and photographs of mafic facies association in drill hole STP218 52
Fig. 3.12: Graphic log and photographs of mafic facies association in drill hole STP234 53
Fig. 3.13: Graphic log and photographs of a plm1ice-rich facies association in drill hole 112R. 56
Fig. 3.14: Photographs of pumice-rich facies in the Mount Black Volcanics 57
Fig. 3.15: Grapl1ic logs through pumice breccia in the Mount Black Volcanics, compared with
subaerial pyroclastic-flow deposits 60
Fig. 3.16: Grapl1iclogs through a subaqueous volcanic mass-flow deposit, grain-flow
deposit and turbidite 61
Fig. 3.17: Graphic log of pumice-lidoic clast-rich breccia in drill hole 78R, Mount Black Volcanics.. 63
Fig. 3.18: Photographs of pun1ice-lidoic clast-rich breccia and sandstone, Mount Black Volcm1ics 64
Fig. 3.19: Photomicrographs of crystal-rich sandstone, Mount Black Volcanics 67
Fig. 3.20: Distribution of the carbonate facies association in d1e Mount Black Volcanics 71
Fig. 3.21: Photographs of carbonate facies, Mount Black Volcm1ics 73
Fig. 3.22: Graphic log of carbonate facies association in drill hole 128R, !\{ount Black Volcanics , 74
Fig. 3.23: Graph of alSO versus a13C for carbonates in western Tasmania 75
Fig. 3.24: Volcanic architecture of the Mount Black Volcanics 80
Xl
Fig. 3.25: VDlcanic architecture Df the Sterling Valley Volcanics 84
Chapter 4
Fig. 4.1: Stratigraphy and facies architecture of the northern Central VDlcanic Complex 91
Fig. 4.2: Geological interpretatiDn of the nDrthern Central Volcanic CDmplex 92
Fig. 4.3: Interpretive cross sections through the northern Central Volcanic Complex 96
Fig. 4.4: Photographs of foliations and structures in the northern Central VDlcanic CDmplex 97
Fig. 4.5: StereDgraphic projections fDr fDliatiDns in the northern Central Volcanic CDmplex 98
Fig. 4.6: Simplified geolDgical cross section, 900 mS, RDsebery 101
Fig. 4.7: Location of geDchemistry samples 104
Fig. 4.8: P1Dts of immDbile element concentrations, Hercules Pumice Formation 106
Fig. 4.9: PIDts of Si02versus Ti/Zr 107
Fig. 4.10: Major and trace element discrimination plots fDr Groups 1, 2 and 3 110
Fig. 4.11: Discrimination diagrams for Groups 3a and 3b, Sterling Valley VDlcanics 111
Fig. 4.12: Zr/TiOz versus Nb/Y plot for d,e northern Central Volcanic Complex 111
Fig. 4.13: Major and trace element plots for the northern Central Volcanic Complex 113
Fig. 4.14: Tectonic discrimination diagrams for Group 3 samples 114
Fig. 4.15: Plots for rhYDlites and dacites in the northern Central Volcanic Complex 116
Fig. 4.16: Plots for pumice-rich facies in the Kershaw and Hercules Pumice FormatiDns 119
Fig. 4.17: Graphic, Ti!Zr and V lDgs for pumice-rich facies in drill hole 120R. 120
Fig. 4.18: AFM piDt for tholeiitic rocks in the Mount Read Volcanics 121
Fig. 4.19: Correlation plots fDr thDleiitic rocks in the lvlount Read Volcanics 123
Chapter 5
Fig. 5.1: Stratigraphic location of pumiceDus peperite and hyaloc1astite, CVe. 129
Fig. 5.2: Graphic IDg and photographs of pumiceous hyaloc1astite in drill hole 112R. 131
Fig. 5.3: Graphic log and phorographs of pumiceous hyaloc1astire in drill hole 120R 133
Fig. 5.4: Geology of Hokuroku Basin,Japan 136
Fig. 5.5: Stratigraphic location of pumiceous peperite and hyaloclastite, Hokuroku Basin 137
Fig. 5.6: Graphic log and photographs Df pumiceous hyaloc1astite in drill hole H065 138
Fig. 5.7: Photomicrographs of pumiceous hyalDclastite and autabreccia 140
Fig. 5.8: Morphology of the rhyolite facies association, Hokuroku Basin 142
Fig. 5.9: Morphology of a pumiceDus syn-vDlcanic sill, Koonya 143
Fig. 5.1 0: Graphic log and photographs of pumiceDus peperite in drill hole KP303 145
Fig. 5.11: PhDtDmicrographs of stratified pumice breccia and polymictic pumice breccia 146
Fig. 5.12: Graphic IDg and phDtographs of pumiceous peperite in drill hole J6 150
Fig. 5.13: Graphic log and photographs of pumiceous pepetite in drill hole H020 153
Fig. 5.14: Cartoons depicting mechanisms fDr formatiom of pumice-rich facies 157
Fig. 5.15: Cartoons depicting mechanisms for formatiom pumice-sediment mixtures 159
Chapter 6
Fig. 6.1: Relative timing of alteration assemblages in the northern Central Volcanic Complex 165
Fig. 6.2: Microphotographs of alteration facies in pumice breccia, Kershaw Pumice Formation 166
Fig. 6.3: JVlicrophotographs of alteratiDn facies in lavas and sills, Mount Black Formation 167
xii
Fig 6.4: Photographs of alteration facies in coherent and clastic facies, CVe. 168
Fig 6.5: Distribution of alteration facies, ctOSS section 900 mS, Rosebety 169
Fig 6.6: Distribution of alteration facies, cross section 1320 mN, Rosebety 170
Fig. 6.7: AI versus CCPI box plot for the northern Cent11l1 Volcanic Complex 171
Fig. 6.8: Absolute and relative mass changes associated with alteration 173
Fig 6.9: Types of fiamme in pumice-rich facies 177
Fig. 6.10: Microphotographs of diagenetically altered pumice clasts, CVC and GTB 182
Fig. 6.11: Alteration zones associated with diagenetic and hydrothermal alreration 185
Fig. 6.12: Typical diagenetic mineral assemblages in felsic and mafic volcanic glass 186
Fig 6.13: Absolute :md relative mass changes due to Rosebery hydrothermal alteration 190
Chapter 7
Fig. 7.1: Paleogeographic reconstruction of the Sterling Valley Volcanics 197
Fig. 7.2: Paleogeographic reconstruction of the Mount Black Formation 198
Fig. 7.3: Paleogeographic reconstruction of the Kershaw and Hercules Pumice Formations 199
Fig. 7.4: Paleogeographic reconstruction of the Kershaw :md Hercules Pumice Formations and mineralisation
..................................................................................................................................................................... 200
Fig 7.5: Cartoon of the post-depositional evolution of the northern eve. 201-202
Fig. 7.6: Model for diagenetic alteration in the pumice-rich facies 203
Fig. 7.7: Tectonic setting:md geology of the Manus Basin, PNG 209
Xl11
List of tables
Table 2.1: Age data fot units the Mount Read Volcanics and Owen Conglomerate 16
Table 3.1: Chatacteristics of facies in the Mount Black and Sterling Valley Volcanics 34-36
Table 4.1: Proposed nomenclatute for stratigraphic subdivisions in the northern
Central Volcanic Complex 87
Table 4.2: Numbet of whole-rock geochemistry samples analysed for the main facies 103
Table 4.3: Determining compositional tanges for the northern Central Volcanic
Complex based on mineralogy, Si02 of least-altered samples and Ti/Zr. 108
Table 4.4: f\verage composition of least-altered volcanic facies in the Sterling Valley
Volcanics, Mount Black Formation and Kershaw Pumice Formation 109
Table 4.5: Comparison of characteristics of least-altered pumjce breccia from
Kershaw and Hercules Pumice Formations 118
Table 6.1: Characteristics of the main alteration facies in the northern Central
Volcanic Complex 164
Table 6.2: Characteristics of diagenetic alteration facies and footwall hydrothermal
alteration facies at Rosebery 189
Table 7.1: Comparison of the main features of the northern Central Volcanic
Complex, Manus Basin and the Hokuroku Basin 208
xiv
